A Gram-negative, facultatively anaerobic, rod-shaped, catalase-and oxidase-positive bacterium, motile by means of a single polar flagellum and designated strain KJW27 T , was isolated from the marine sediment of Karwar jetty, west coast of India. The strain was b-haemolytic and grew with 0-10 % (w/v) NaCl, at 10-45 6C and at pH 6.5-10, with optimum growth with 2 % (w/v) NaCl, at 37 6C and at pH 7.5. The major fatty acids were iso-C 15 : 0 (22.2 %), C 17 : 1 v8c (21 %), summed feature 3 (comprising C 16 : 1 v7c and/or C 16:1 v6c; 10.2 %), C 16 : 0 (7.1 %), iso-C 13 : 0 (5.6 %) and C 17 : 0 (4.4 %). The DNA G+C content was 51.2 mol%. Phylogenetic analysis based on 16S rRNA and gyrB gene sequences showed that strain KJW27 T forms a lineage within the genus Shewanella and is closely related to Shewanella algae ATCC 51192 T (98.8 %), Shewanella haliotis DW01 T (98.8 %) and Shewanella chilikensis JC5 T (98.2 %). Sequence identity with other members of this genus ranges from 92.2 to 96.4 %. The DNA-DNA relatedness of strain KJW27 T with S. algae ATCC 51192 T , S. haliotis DW01 T and S. chilikensis JC5 T was 52, 44 and 33 %, respectively. The phenotypic, genotypic and DNA-DNA relatedness
The genus Shewanella is a member of the class Gammaproteobacteria (Anzai et al., 2000) and comprises a group of Gram-negative, motile, rod-shaped, oxidase-positive, nonfermentative and facultatively anaerobic aquatic and marine bacteria (Bowman, 2005; Gauthier et al., 1995; MacDonell & Colwell, 1985; Venkateswaran et al., 1999) . Strains of the genus Shewanella have been isolated from a variety of sources, such as marine environments including seawater, sediment, Antarctic sea ice, invertebrates, fish and estuaries (Park et al., 2009; Yang et al., 2007; Bozal et al., 2009; Bowman et al., 1997; Ivanova et al., 2004; Kim et al., 2007; Satomi et al., 2007; Skerratt et al., 2002) , clinical samples (Brink et al., 1995; Debois et al., 1975; Holmes et al., 1975) , oilfield fluids (Semple & Westlake, 1987) , and activated sludge (Xu et al., 2005) . At the time of writing, the genus Shewanella comprised 52 recognized species (http://www. bacterio.cict.fr/s/shewanella.html). Recently,three novel species, Shewanella corallii from Red Sea corals (Shnit-Orland et al., 2010) , Shewanella fodinae from coal mine sludge (Sravan Kumar et al., 2010) and Shewanella xiamenensis from coastal sea sediments (Huang et al., 2010) , were added to this genus.
In the course of our study on the microbial diversity of sediments from Karwar jetty, a facultatively anaerobic, Gram-negative, motile, rod-shaped bacterial strain, designated KJW27 T , was isolated and was the subject of a taxonomic investigation. On the basis of evidence from polyphasic taxonomic studies, strain KJW27 T is considered to represent a novel species in the genus Shewanella.
Strain KJW27 T was isolated from sediments collected in the western coastal region of India (Karwar district, Karnataka). The samples were collected from a jetty (14 u 479 550 N 74 u 069 470 E) at 10.4 m water depth during January 2006. The pH of the sediment sample was 6.6, while the temperature and salinity of the surrounding environment were 25 u C and 30 %, respectively. Strain KJW27 T was initially isolated and purified from marine agar 2216 (MA; Becton Dickinson) plates incubated at 30 u C for 1 week, using a standard dilution-plating method. The isolate was cultured routinely on MA and maintained at 280 u C as a suspension in marine broth 2216 (MB; Becton Dickinson) containing glycerol (40 %, w/v). The preservation media contained a final concentration of 2 % (w/v) NaCl.
Bacterial DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously (Hauben et al., 1997) . The gyrB gene from strains KJW27 T , Shewanella algae ATCC 51192 T , Shewanella haliotis DW01 T and Shewanella chilikensis JC5 T was amplified according to Yamamoto & Harayama (1995) . The resulting sequences of strain KJW27 T were aligned against sequences obtained from GenBank. Multiple sequence alignments were performed using CLUSTAL X (version 1.83; Thompson et al., 1997) and checked manually for any discrepancies. The alignment was edited and flushed for gaps and missing data using DAMBE (version 4.5.47; Xia & Xie, 2001) . Evolutionary distance matrices were generated according to Jukes & Cantor (1969) . Phylogenetic trees were inferred from the regions available for all sequences (positions 55-1458 of 16S rRNA and 376-1433 of gyrB; Escherichia coli K-12 substrain MG1655) using the maximum-parsimony (Fitch, 1971) and neighbour-joining (Saitou & Nei, 1987) methods with the MEGA program (vesion 4.0; Tamura et al., 2007) and the maximum-likelihood (Rzhetsky & Nei, 1992) method with the PHYLIP program (version 3.66; Felsenstein, 2005) . The robustness of the topology of phylogenetic trees was evaluated by a bootstrap analysis (Felsenstein, 1985) with 1000 replications.
Preliminary sequence comparison with 16S rRNA and gyrB gene sequences held in GenBank indicated that strain KJW27 T was closely related to strains of the genus Shewanella. Strain KJW27 T showed the highest 16S rRNA gene sequence identity to S. algae ATCC 51192 T (98.8 %), S. haliotis DW01 T (98.8 %) and S. chilikensis JC5 T (98.2 %). 16S rRNA gene sequence identity with other members of the genus Shewanella was in the range 92.2-96.4 %. The gyrB gene sequence identity of strain KJW27 T with respect to its closest phylogenetic affiliates S. algae ATCC 51192 T , S. haliotis DW01 T and S. chilikensis JC5 T was 93.8, 94.5 and 95.1 %, respectively.
The newly determined sequences were then aligned against those of representatives of the genus Shewanella. The phylogenetic relationship between strain KJW27 T and other species of the genus Shewanella was elucidated using three different tree-making algorithms. Neighbour-joining trees based on 16S rRNA and gyrB gene sequences ( Fig. 1 and Supplementary Fig. S1 , available in IJSEM Online) showed that strain KJW27 T formed an evolutionarily distinct lineage within the cluster comprising S. algae ATCC 51192 T , S. haliotis DW01 T and S. chilikensis JC5 T , supported by a bootstrap resampling value of 100 %. The same relationship was also observed in phylogenetic trees inferred by maximum-parsimony ( Supplementary Fig. S2 ) and maximum-likelihood (data not shown) methods.
Growth on various standard bacteriological media was tested on MA, nutrient agar (NA; Becton Dickinson), tryptic soy agar (TSA; Becton Dickinson) and Luria-Bertani agar (LB; Becton Dickinson) according to the manufacturer's instructions. Cellular morphology of cells grown at 37 u C for 48 h on MA was observed using phasecontrast microscopy (Zeiss, Axio Scope.A1). Motility was examined by observing cells grown in wet mounts using phase-contrast microscopy. Flagellation was examined using transmission electron microscopy (CM-20; Philips). For this purpose, cells were negatively stained with 1 % (w/ v) phosphotungstic acid and the grids were examined after being air-dried. Cells of strain KJW27 T and the reference strains S. algae ATCC 51192 T , S. haliotis DW01 T and S. chilikensis JC5 T grown on MA at 37 u C for 48 h were used for physiological and biochemical tests.
Growth at various temperatures (4, 10, 15, 20, 25, 30, 37, 40, 42, 45, 47 and 50 u C) was measured on MA and in MB. The pH range for growth was determined in buffered MB adjusted to pH 4.0-11.0 (in increments of 0.5 pH units). Growth at various NaCl concentrations (0, 0.5, 1, 1.5, 2, 4, 6, 8, 10, 12 and 14 %, w/v) was investigated using MB prepared according to the formula of the Becton Dickinson medium except that no NaCl was used. Catalase and oxidase activities were determined using 3 % (v/v) hydrogen peroxide and Kovacs' reagent (Kovacs, 1956) , respectively. Haemolytic activity was checked by growing the culture on MA with 5 % (v/v) sheep blood and incubating at 37 u C for one week. Urease production, reduction of nitrate, indole production from tryptophan, methyl red and Voges-Proskauer reactions and hydrolysis of casein, gelatin and Tween 80 were studied according to the methods of Gordon et al. (1973) and Powers & Latt (1977) . Utilization of citrate was checked according to Simmons (1926) . Chitinase activity was studied by the method of O' Brien & Colwell (1987) . Metabolism of glucose, lactose and sucrose was determined by the OF test according to Hugh & Leifson (1953) . Fermentative growth was tested by using triple-sugar iron medium (HiMedia). Phenylalanine deaminase activity was determined by flooding phenylalanine agar (HiMedia) after 24 h of incubation with 1 % (w/v) ferric chloride solution. H 2 S production was determined on Kligler and triple-sugar iron agar (Becton Dickinson) supplemented with 2 % (w/v) sea salts. Acid production from various carbohydrates was tested by addition of carbohydrate differentiation discs (adonitol, arabinose, cellobiose, glucose, dulcitol, fructose, galactose, inositol, inulin, lactose, maltose, mannitol, mannose, raffinose, rhamnose, salicin, sorbitol, sucrose, trehalose and xylose) (HiMedia) to basal media which contains phenol red as indicator.
Reduction of electron acceptors was assessed using defined medium (DM; 0.04 % yeast extract, 0.02 % peptone, 2.0 % NaCl, 10 mM sodium bicarbonate, 10 mM HEPES, 2.0 % agar) supplemented with lactate (40 mM) as the electron donor and one of the electron acceptors. Electron acceptors tested include manganese dioxide (40 mM), ferric citrate (40 mM), trimethylamine N-oxide (TMAO, 10 mM), dimethyl sulfoxide (DMSO, 10 mM), sodium thiosulfate (5 mM), sodium sulfite (5 mM), sodium nitrate (5 mM), sodium nitrite (5 mM), potassium dichromate (0.5 mM) and elemental sulfur (40 mM). The elemental sulfur was precipitated in the media as described by Moser & Nealson (1996) . The inoculated plates were incubated under anaerobic conditions generated in an anaerobic chamber (HiMedia) with Anaerogas Pack (HiMedia) for 7 days until plates showed visible growth. Incubations were carried out in the dark at 37 u C and before storage, each anaerobic jar was kept overnight at 4 u C to make sure that anoxic conditions had developed before allowing strain growth. Development of anaerobic conditions was confirmed using Anaero Indicator (HiMedia). Growth on the plates was compared with growth on two sets of DM control plates, one lacking electron acceptors and the other lacking organic carbon substrate. Reduction of electron acceptors was repeated three times and also tested using Brewer anaerobic agar (Becton Dickinson) instead of DM, under the same conditions. Other biochemical tests, enzymic activities and oxidation of carbon substrates were analysed using the GN VITEK-2 compact system (vesion 03.01; bioMérieux) ( Supplementary  Table S1 ) and GN2 MicroPlates (Biolog) ( Supplementary  Table S2 ) following the manufacturers' instructions, except that bacterial strains were suspended in distilled water supplemented with 2 % (w/v) sea salts. Antibiotic susceptibility tests were performed using commercially available antibiotic impregnated discs (HiMedia) ( Supplementary  Table S3 ). The results were interpreted according to the guidelines set forth by the CLSI (2009).
Cells of strain KJW27 T were facultatively anaerobic, Gramnegative, motile by means of a single polar flagellum (Fig. 2) , rod-shaped and b-haemolytic. Colonies grown on MA plates for 48 h at 37 u C were circular, low-convex with entire margins, smooth, opaque, pale brown in colour and approximately 2.0-3.0 mm in diameter. The isolate grew well on MA, NA, TSA and LB agar. The strain, like most species of the genus Shewanella, was positive for reduction of TMAO, sulfur and nitrate.
On MA, strain KJW27 T was able to grow at 10-45 uC. Detailed results of physiological and biochemical analyses are given in Table 1 , Supplementary Tables S1, S2, S3 and S4, and the species description. It is evident from the physiological and biochemical analyses that there are several phenotypic characteristics that readily separate strain KJW27 T from phylogenetically related species.
The cellular fatty acid methyl esters of strain KJW27 T and its phylogenetic relatives S. algae ATCC 51192 T , S. haliotis DW01 T and S. chilikensis JC5 T , grown on MA at 37 u C for 48 h, were extracted and prepared according to standard protocols provided by the MIDI/Sherlock Microbial Identification System (Groth et al., 1996) . For DNA G+C content calculations, DNA samples were prepared in duplicate and the G+C content was determined by using the thermal denaturation method of Marmur & Doty (1962) .
Strain KJW27 T had a cellular fatty acid profile containing large amounts of saturated (branched and straight-chain) and monounsaturated fatty acids ( Supplementary Table  S4 ). The major fatty acids of strain KJW27 T were iso-C 15 : 0 (22.2 %), C 17 : 1 v8c (21 %), C 16 : 1 v6c and/or C 16 : 1 v7c (10.2 %) and C 16 : 0 (7.1 %). This fatty acid profile was similar to those of related species of the genus Shewanella. The DNA G+C content of strain KJW27 T was 51.2 mol%.
The taxonomic relationship between strain KJW27 T and its phylogenetic relatives S. algae ATCC 51192 T , S. haliotis DW01 T and S. chilikensis JC5 T was further examined using DNA-DNA hybridization. Genomic relatedness was determined using a membrane filter technique (Seldin & Dubnau, 1985) according to the method described by Baik et al. (2006) , with a DIG High Prime DNA Labelling and Detection Starter kit II (Roche). When DNA was used individually as labelled DNA probes for reciprocal hybridization experiments conducted in duplicate, the DNA-DNA relatedness values of strain KJW27 T with S. algae ATCC 51192 T , S. haliotis DW01 T and S. chilikensis JC5 T were 52, 44 and 33 %, respectively. These values are well below the threshold value of 70 % DNA-DNA relatedness for definition of a new bacterial species proposed by Wayne et al. (1987) .
The phylogenetic, genomic, chemotaxonomic and phenotypic data clearly indicate that strain KJW27 T should be classified as a member of a novel species of the genus Shewanella, for which the name Shewanella indica sp. nov. is proposed.
Description of Shewanella indica sp. nov.
Shewanella indica (in9di.ca. L. fem. adj. indica of India, Indian).
On marine agar, aerobically grown colonies after 48 h at 37 u C are pale brown, circular, low convex with entire margins and butterous consistency, translucent and approximately 2.0-3.0 mm in diameter. Cells are motile by means of a single polar flagellum (Fig. 2) , rod-shaped (0.5-0.761.5-2.0 mm), Gram-negative and facultatively anaerobic. Growth occurs with 0-10 % (w/v) NaCl (optimum, 2 %), at pH 6.5-10 (optimum, pH 7.5) and at 10-45 u C (optimum, 37 u C). Catalase-and oxidasepositive. Reduces nitrate to nitrite, which is not further reduced. Negative for glucose, sucrose and lactose fermentation. Shows b-haemolysis. Hydrolyses casein, chitin, gelatin, Tween 80 and urea. Produces H 2 S but not acetoin or indole and utilizes citrate and malonate. Negative for phenylalanine deaminase production and methyl red and Voges-Proskauer reactions. Produces acid from mannose, but not from adonitol, arabinose, cellobiose, glucose, dulcitol, fructose, galactose, inositol, inulin, lactose, maltose, mannitol, raffinose, rhamnose, salicin, sorbitol, sucrose, trehalose or xylose. With lactate as the substrate, sulfur, TMAO, DMSO, nitrate, nitrite and thiosulfate are reduced, but ferric citrate, manganese dioxide, sulfite and dichromate are not. In the GN VITEK-2 gallery, positive for Ala-Phe-Pro-arylamidase, N-acetyl-b-glucosaminidase, H 2 S production, glutamyl arylamidase pNA, c-glutamyl transferase, tyrosine arylamidase, urease, L-lactate alkalinization, succinate alkalinization, phosphatase, glycine arylamidase and Glu-Gly-Arg-arylamidase. The remaining reactions of the GN VITEK-2 gallery are negative (Supplementary Table S1 ). The following carbon substrates are oxidized (positive in the Biolog GN2 system): Tween 40, Tween 80, N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, a-D-glucose, pyruvic acid methyl ester, succinic acid monomethyl ester, acetic acid, cis-aconitic acid, citric acid, formic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, a-ketoglutaric acid, D,L-lactic acid, propionic acid, succinic Growth at/with: 10 u C + + + 2 45 u C + 2 2 2 pH (optimum) 6.5-10 (7.5) 5-11 (7.5) 5-11 (7) 7-10 (8) acid, bromosuccinic acid, L-alanine, L-alanyl glycine, Lglutamic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, L-leucine, L-proline, L-threonine, urocanic acid, inosine, uridine, thymidine and putrescine. The remaining substrates of the Biolog GN2 system are not oxidized ( Supplementary  Table S2 ). Cells are sensitive to (mg per disc, unless otherwise indicated) ofloxacin (5), sparfloxacin (5), aztreonam (30), azithromycin (15), erythromycin (15), penicillin (10 U), ciprofloxacin (5), clarithromycin (15), cefadroxil (30), ampicillin (10), cefaclor (30), augmentin (30), cefotaxime (30), cefoperazone (75), co-trimoxazole (25), amikacin (30), streptomycin (25), chloramphenicol (30), gentamicin (10), kanamycin (30), ceftriaxone (30), cefalexin (30), netillin (30), gatifloxacin (30), cefoxitin (30), carbenicillin (100) and clindamycin (2), but resistant to vancomycin (30), doxycycline hydrochloride (30), cefuroxime (30), teicoplanin (30), metronidazole (5) and tetracycline (30). Major fatty acids are iso-C 15 : 0 , C 17 : 1 v8c and summed feature 3 (C 16 : 1 v6c and/ or C 16 : 1 v7c) ( Supplementary Table S4 ).
The type strain, KJW27 T (5KCTC 23171 T 5BCC 41031 T 5NCIM 5388 T ) was isolated from the sediments collected in the western coastal region of India (Karwar district, Karnataka). The DNA G+C content of the type strain is 51.2 mol%.
